Cycling is an important form of active transport and physical activity to provide substantial health benefits to the elderly. Among voluminous physical activity-related literature, few studies have investigated the correlates of active transport of the rural elderly in China. This study was the first attempt to investigate the impact of the household, personal, and environmental attributes on rural elderly's cycling activity with data collected in 102 rural neighborhoods of Zhongshan Metropolitan Area, China. The negative binomial regression models suggest that, all else being equal, living in a neighborhood with low proportion of elderly population (over 60), abundant bike lanes, and a compact urban form related to high density and mixed development, are associated with the increase of frequency and duration of the rural elderly's cycling trips. The models also detect that attitude towards cycling and household bicycle and motorized vehicle ownership are strongly related to cycling trips of the rural elderly in Zhongshan. The findings provide insights for transportation and public health agencies, practitioners, and researchers into the effective design of interventions from the prospective of attitudes, social and built environment on health promotion of the rural elderly in China.
Introduction
There is strong evidence that regular active transport provides substantial health benefits to the elderly [1] . Active transport, as a part of physical activity, is positively associated with prevention of chronic diseases, disability, and bone fractures among the elderly [2] . As an important form of active transport to promote in the Chinese elderly, cycling is accessible and easy to incorporate into daily life. To promote cycling among the elderly is a crucial component of efforts to improve their overall physical activity levels. Up to year 2012, the population of the elderly (aged 60 and over) in China was 194 million, accounting for 14.3% of the Chinese population [3] . Among China's elderly population, 60% live in the rural area. It is a challenge to promote active transport among the China's rural elderly as the motorization has been spread from the urban areas to the rural ones and the mode split of active transport is keeping shrinking. Since 2007, the National Health and Family Planning Commission of China (NHFPC) has launched an initiative of "Ten Thousand Steps a Day" for the Chinese elderly [4] , aiming to promote all kinds of walking activities. However, no interventions with regard to the promotion of cycling activity have been implemented. As a popular travel mode in China's rural areas, the evidence about the correlates that may impact on elders' cycling activity is scarce, leading to the lack of practical implications for the planning of environmental interventions.
The transportation planning fields [5, 6] and the public health field [7] [8] [9] have mutually contributed to the proliferation of research on the environmental correlates of active transport (especially walking) by the elderly in the western context [10] . The research findings from the two fields have facilitated our understanding on the connection between the environmental correlates and active transport by the elderly and provided important policy implications for the planning of interventions. To be specific, the environmental correlates in previous literature are defined as two categories, the social environment and the built environment. The social environment "includes the culture that the individual was educated or lives in, and the people and institutions with whom they interact" [11] . The built environment is defined as "the human-made space in which people live, work, and recreate on a day-to-day basis" [12] and "encompasses places and spaces created or modified by people including buildings, parks, and transportation systems" [13] .
In a recent systematic review mainly focusing on the Western context, Van Cauwenberg et al. [9] concluded that the following built environment features would impact active transport of the elderly, albeit to varied degrees: (1) walkability, e.g., residential density, land use mix diversity, and street connectivity [14, 15] ; (2) access to services, e.g., access to public transportation and recreational facilities [16, 17] ; (3) walking facilities, e.g., sidewalks and walking trails [16] ; (4) safety, e.g., presence of heavy traffic and neighborhood crime-related safety [14, [16] [17] [18] [19] ; (5) aesthetics, e.g., greenery and scenery [18] ; and (6) urbanization, e.g., the difference between urban and rural residents [15, 20] . Similarly, Saelens et al. found that neighborhoods with higher density, greater connectivity, and more land use mix report higher rates of walking/cycling for utilitarian purposes than low-density, poorly connected, and single land use neighborhoods [6] . In terms of the effects of social environment, the role models and neighborhood social cohesion were found to related to walking time, and peer support would influence older adults' physical activity [21, 22] .
The environmental attributes employed in active transport related studies were typically derived [23] by: (1) surveying individuals' perceptions of the social or built environment [24, 25] ; (2) aggregating neighborhood measures from secondary data, such as Census or Traffic Analysis Zone [26] [27] [28] [29] [30] ; (3) measuring these characteristics within a certain distance of the individuals' residences [31, 32] , e.g., by buffer radii (ranging from 100 m to 1 km); or (4) quantifying the built environment attributes objectively at high resolution or used cluster analysis to identify different urban forms [27, 28, 33] . Over the past decade, the volume of literature on the influence of the environment on physical activity and health promotion among different age groups in the Western context has exploded.
Worth mentioning is that the majority of "environment-physical activity" studies were predominantly conducted in Western contexts and their findings are not necessarily translatable to the Chinese contexts [9] . In recent years, Chinese scholars began to examine the effects of various effects on the health level of different age groups [34] . However, rare studies have examined the environmental representations in the Chinese context, let alone the association between the environment attributes and cycling activity among the rural elderly, as the present paper does. Since the cycling activity of the rural elderly is an indispensable starting point to facilitate the understanding and design effective interventions on health promotion, the present paper will serve as an extended body of literature.
This study makes an important contribution to the literature. The correlates of the cycling activity of the rural elderly in Zhongshan, China, are investigated in an effort to better understand the impact of the household, personal and environmental attributes on such physical activity. To our knowledge, this is the first such study on the subject in the Chinese context. Firstly, the study generated four categories of attributes: household, personal, social environmental, and built environmental attributes. Then, negative binomial regression models were used to examine specifically how the frequency and duration of rural elderly's cycling trips are related to the social and built environment attributes, together with personal and household attributes. The cycling activity in the present study includes both transportation and recreational cycling. The elderly population in this study focus on the older adults aged 60 and over. The findings will provide insights for transportation and public health agencies, practitioners, and researchers into the effective design of interventions on health promotion of the rural elderly.
Data and Methods

Study Area
As stated in previous studies [26, 29] , the Zhongshan Metropolitan Area was chosen to examine the cycling behaviors of the rural elderly in the Chinese context. Zhongshan is a medium-sized prefecture-level city in Guangdong Province of southern China (Figure 1 ). In the three largest coastal urban agglomerations with the most competitive economies in China, there are about 20 medium-sized cities with similar urbanization and motorization level, as well as urban and rural transport characteristics to Zhongshan [35] . Thus, the research findings in Zhongshan might be typical and informative to the type of cities. In Zhongshan, the elderly make 2.55 trips per day in average, among which 18.0% were cycling trips. The average frequency and duration of cycling trips of the elderly is 0.46 times and 5.90 minutes [36] . 
Data Collection
The cross-sectional cycling activity data were derived from Zhongshan Household Travel Survey (ZHTS) in 2010 [36] . Selected by stratified random sampling covering the whole Zhongshan Metropolitan Area, the sample size of the rural elderly over 60 was 1572 (excluding invalid data) from 102 rural neighborhoods, with a sample rate of 2.0%. The ZHTS 2010 provided the self-reported one-day cycling activity, e.g., frequency, duration, purpose of cycling trips, together with the personal and household data of the elderly.
The following data for the characterization of social and built environment attributes come from Zhongshan Municipal Bureau of Urban Planning [26, 29] : (1) traffic analysis zones' boundaries-proxy for neighborhood boundaries; (2) land use in 2010 with five major types of land use (residential land, commercial and service facilities, industrial and manufacturing, green space, and other types of land uses); (3) population, dwelling units and employment in 2010; (4) road networks; (5) bus stops; (6) political boundaries, such as city and zone boundaries; and (7) traffic analysis zone level of socio-demographic data. All the data were then integrated into ArcGIS for further analysis.
Characterization of Social Environment Attributes
The social and built environment attributes were characterized on the basis of neighborhoods, which are defined to be spatially equivalent to traffic analysis zones. As designed to be homogeneous with respect to socio-demographic characteristics and living conditions [37] , traffic analysis zones share boundaries with administrative divisions in most cases. According to the administrative divisions of Zhongshan Metropolitan Area, a total of 102 rural traffic analysis zones (neighborhoods) were selected in this study, although three neighborhoods out of the 102 are highly populated with similar population density (over 8000 persons/km 2 ) to the average density of urban neighborhoods in Zhongshan. With respect to previous literature, we defined three attributes to demonstrate the social environment of the neighborhood where the rural elderly live, i.e., the proportions of employed population, the proportions of elderly population, and the average household income.
Characterization of Built Environment Attributes
In Ewing and Cervero's research [33] , the built environment variables that influenced travel behavior were named with words beginning with D as "five Ds" from five aspects: density, design, distance to transit, destination accessibility, and diversity. Each D variable contains a number of attributes that are commonly used in travel behavior-built environment research (Table 1) . In this study, considering the best available data, we identified five built environment attributes in response to the five Ds: population density (density), bike lane density (design), bus service coverage rate (distance to transit), distance to the central business district (destination accessibility), and land-use diversity (diversity). The term of bike lane in this study referred to two major types of bike facilities in the rural areas of Zhongshan: (1) the separated bike lanes that are physically separated from car traffic by a curb, or fence, or trees, and (2) the bike lanes marked by a painted white line on a road meant for cars. Both of the two types are at least 1.5 m wide (for one direction) according to the official design criteria in China. In terms of the built environment features that would also impact the active transport of the elderly [9] , e.g., safety, aesthetics, or urbanization, we did not employ them in this study due to the limited available data. The population density, bike lane density, and distance to the central business district are self-explanatory. The bus service coverage rate and land-use diversity were calculated with respect to the context of Zhongshan or China, as applicable. The bus service coverage rate, calculated by the ratio of bus service coverage to total area of neighborhood, reflects the level of transit services. In Chinese cities, the transit service area is defined as a 300-meter radius of each transit station [38] . The land-use diversity represents the degree to which different land uses in a neighborhood are mixed. We calculated the land-use diversity by the Entropy Index (EI) [39] , wherein 0 indicates single-use environments and 1 stands for the equalization of different land uses in area coverage. EI is defined by:
where n = number of unique land uses, n ≥ 1; P i = percentage of land use i's coverage over total land use coverage. In China, the officially recommended proportion of residential land, industrial manufacturing land, commercial facilities land, green space land and other land is close to 2:2:1:1:1 [40] , which is applied in the land use planning practice in Chinese cities including Zhongshan. This proportion generates an entropy index of 0.67. Thus each of the original entropy index of a traffic analysis zone in this study is transformed in a criteria that 0.67 is the standard 1, and all other index are ranged between 0 and 1 based on the standard 1 [26] .
Model Specification
Because the rural elderly's trips are non-negative count dependent variables, we tested the data to choose the proper models. Due to the characteristics of the dependent variables (Table 1) , we preferred negative binomial regression to poisson regression. The Vuong model selection test strongly favoring a standard negative binomial regression approach than a zero-inflated one to analyzing the data.
This study chose a negative binomial regression model to analyze the relationship between the households, personal and environmental attributes and the rural elderly's cycling activity. To calibrate coefficient of negative binomial regression model with Stata 12.0, we rewrote the negative binomial regression model with natural log transform. We employed the same independent variable sets in the frequency and duration of rural elderly's cycling trips. The basic negative binomial regression model specifications were expressed as follow: (2) where Nr frequency and Nr duration are frequency (times/day) and duration (minutes/day) of cycling trips; HHSIZE_1 and HHSIZE_2 are dummies for the household size of one and two (with a reference category of more than two); HIGHINC and MEDINC_M are dummies for the household total annual income ranges of above 60,000 Chinese Yuan (Renminbi) (RMB, 6.2 Renminbi ≈ 1 US Dollar) and 20,000-60,000 RMB (with a reference category of 0-20000 RMB); BIKES, EBIKES, MOTORS, and CARS represent the number of bicycles, electric bikes, motorcycles and private cars in a household, respectively; GENDER denotes whether the respondents is male or female; AGE means the respondent's age in years; PROBIKE, PROWALK, or PROEBIKE demonstrates whether the respondents favor bicycle, walking or e-bike over other travel modes in daily travel.
Along with the basic model presented above, regression of the dependent variables proceeded in an expanded model. The expanded model adds four social environment and five built environment attributes as independent variables, where R_EMPLOYED, R_ELDERLY, R_HIGHINC, and R_MEDINC denotes the ratio of the employed population, elderly population, high-income households and medium-income households in the neighborhood, respectively; POP, BIKELANE, BUSSERV, CBDDIST, and MIXTURE demonstrate the population density, bike lane density, bus service coverage rate, distance to the central business district, and land-use mixture of the neighborhood where the respondents lives.
Results
Descriptive Statistics
Descriptive statistics provide a general view of the dependent and independent variables ( Table 2) . Nearly one-quarter of the respondents live alone and over a third live with a partner. 88% of the respondents live in the medium-to-low-income households. The household ownership of bicycle averaged 0.60, a little lower than that of motorcycle. Sixty-three percent of the respondents were male because of the low rate of response of female elderly. One-sixth of the total respondents favored bicycle over other non-motorized modes. The average age of the respondents was 67.17.
The standard deviation values of the built environment attributes were close to their mean values (all but MIXTURE, land-use mixture), implying the substantial variations of built environment features among rural neighborhoods in Zhongshan (Table 2) . 
Negative Binomial Regression Analysis of Frequency and Duration of Rural Elderly's Cycling Trips
The results of negative binomial regressions indicated how different demographic, attitudinal and environmental attributes were related to the cycling frequency and duration of the rural elderly (Table 3) . It is worth mentioning that as the results were derived from cross-sectional data, it is hard to know the cause and effect relationship. For example, in previous studies, more bike lanes were highly correlated to more cycling [41, 42] . However, in this study, even if we had similar findings, it is arbitrary for us to simply conclude that bike lanes would promote more cycling. There is still a possibility that bike lanes were built afterwards to accommodate pre-existing high numbers of cyclists. Note: * denotes significance at p < 0.01, ** denotes significance at p < 0.05, and *** denotes significance at p < 0.1. Blank cells mean variable was not included in that model. Obs = observations; LR = likelihood ratio; chi 2 = chi-square; prob = probability.
At the household level, household size, number of employment and vehicle ownership showed significant associations. Living in a household of two persons or with more persons employed is related to more and longer cycling trips. As expected, having an additional bike in a household was related to a 155.30% (= exp (0.937) -1) or 466.04% increase in frequency or duration of cycling trips. Having an additional e-bike, motorcycle, or car was associated with 19.02% to 27.99% decrease of frequency of cycling trips.
At the personal level, all the demographic and attitudinal attributes showed significance at 95% confidence. Being female or older in age was related to less cycle trips. The rural elderly's attitudes towards different non-motorized modes may play a remarkable role in their cycling trips. Those who preferred cycling to other modes would make 289.42% or 561.14% more cycling trips in terms of frequency or duration than the counterpart. Likewise the rural elderly who favored walking or e-bike over bicycle would make significantly less cycling trips.
At the social environment level, three attributes out of four showed significant associations with the frequency while only one with the duration. Living in a rural neighborhood with higher ratio of elderly population, the elderly would make 27.56% (frequency) or 27.75% (duration) fewer cycling trips at most. The frequency of cycling trips is also significantly related to the ratio of the employed population and medium-income households.
At the built environment level, nearly all attributes were statistically significant at 90% confidence (except for the CBDDIST in the duration of the cycling trips). The rural elderly who live in the most-populated environment would make 99.02% (frequency) or 179.87% (duration) more cycling trips than in the least-populated environment. Similarly, living in the environment with the highest land-use mixture, the rural elderly would at most make 65.27% (frequency) or 286.96% (duration) more cycling trips. Denser bike lanes were related to more cycling activity among the rural elderly in Zhongshan. In the environment with the densest bike lanes, the rural elderly would make 49.99% (frequency) or 133.88% (duration) more cycling trips than in the environment with the sparsest. Convenient bus service and was related to greater distance to the central business district were associated with fewer cycling trips.
The directions of the effects for the household and personal attributes persisted across all models and the coefficients showed slight to moderate variation. The LR chi 2 and Log likelihood of each model represents the overall goodness of fit. The changes of Pseudo-R 2 , LR chi 2 and Log likelihood (Table 3 ) in expanded models implied that the social and built environment contributed to strengthening the explanatory power and enhanced the predictability of the models.
Discussion and Policy Implications
This study adds to the existing literature by exploring the relationship between household, personal and environmental attributes and rural elderly's cycling activity in the Chinese context with data collected in 102 rural neighborhoods of Zhongshan Metropolitan Area. The study generated household, personal and environmental attributes, including demographics, attitudes towards different travel modes, social environment, and built environment. Then, negative binomial regression models were used to examine specifically how the frequency and duration of rural elderly's cycling trips are related to the built environment attributes, together with personal and household attributes.
Household and personal attributes related to the living arrangement, the availability of vehicles, gender and age, and the attitude towards travel modes are highly associated to the rural elderly's cycling frequency and duration. To be specific, being male or younger-old, favoring cycling than other modes in daily travel, living with a partner, owing more bikes, or owning less cars (or motorcycles), is related to the increasing frequency and duration of rural elderly's cycling activity. The findings on the correlation of attitude imply the potential effects of the dissemination of health life style involving cycling activity among the rural elderly. The negative associations of motorized vehicles on cycling demonstrate the potential effects of policies that discourage vehicle ownership.
The correlations of the social and built environment attributes on the cycling activity of the rural elderly in Zhongshan yield some interesting findings. The social environment attribute relating to the degree of aging of the neighborhood was negatively associated with the cycling activity. Specifically, in a neighborhood with less elderly population, the elderly would have more cycling trips in terms of both frequency and duration. The reasons to this results remains unclear from the data we already had. According to some previous studies, it may be related to the associations of social norms with physical activity [43] . Another possible reason may be that the fit and healthy elderly choose to live in areas with younger people. Although the underlying reasons need further investigation in following studies, the result may imply that developing neighborhoods with relatively balanced age structure could be a potential intervention to promote cycling activity among the rural elderly. That may also challenge the idea of forming elderly community as the elderly are less likely to have cycling trips in such a social environment. The built environment attributes featuring cycling facility, land-use density, and diversity showed significant correlation to the frequency and duration of rural elderly's cycling trips, albeit to varied degrees. Abundant and accessible bike lanes were positively related to more cycling among the elderly in Zhongshan, consistent with previous findings [41, 42] . In populated and mixed-developed neighborhood, the rural elderly tend to cycle more in terms of the frequency and duration. That may because the compact urban form, closely related to high population density and land use mixture, increases the possibility of having short-to-medium distance trips instead of long distance ones. The average trip distance of a single walking and cycling trip of rural elderly in Zhongshan are around 0.8 and 2.5 km, respectively. Therefore, cycling is a competitive choice for medium-distance trips ranging from 2 to 3 km, which is very likely to go beyond a single walking trip's reach.
To promote the cycling activity among rural elderly, it would be a great challenge to incorporate health interventions into the policy-making and practice of land-use and transportation planning and other public policies in China. From the discussions above, we could find out that interventions involving the personal attitudes, the social environment, and the built environment may be potentially effective in the Chinese context to increase the frequency and duration of cycling trips among the rural elderly. The findings in the paper provide insights for transportation and public health agencies, practitioners, and researchers into four possible interventions as below.
 Disseminating healthy life style involving cycling activity. As it is hard to change attitudes among the elderly, we recommended diversified initiatives (public lectures, cycling campaigns, specialized websites, etc.) that have been proven to be successful in the Ten Thousand Steps a Day program [44] . We even recommend incorporating the promotion of cycling activity into the Ten Thousand Steps a Day program.  Developing neighborhoods with relatively balanced age structure and avoiding overly aggregation of the elderly population.  Discouraging vehicle ownership. The findings in this study indicated that more vehicle ownership is related to less cycling, consistent with a previous study in the Chinese context [41] . It is recommended to encourage cycling through policies discourage vehicle ownership.  Maintaining a compact urban form related to high density and mixed development.
Strengths and Limitations
This study has a number of strengths and limitations. In terms of the strengths, firstly, the study focused on the rural elderly population and provided informative policy implications for the aging society. Secondly, the study revealed the household, personal and environmental correlates of rural elderly's cycling activity in a developing country with rapid urbanization and motorization, which might further promote the comparative research between different contexts. In terms of the limitations, firstly, the dependent outcome, cycling activity, is based on self-reports, and therefore, may be subject to self-report bias that does not capture all domains of this activity. However, self-reports in physical activity are common in the field and remain the primary source for assessing cycling activity in large-scale studies like this. Secondly, cross sectional data were used in this study. The full evaluation of causal inferences about household, personal and environmental effects on cycling activity will require longitudinal and multilevel analyses of physical activity over time.
Conclusions
This study makes an important contribution to the literature. The correlates of the cycling activity of the rural elderly in Zhongshan, China, are investigated in an effort to better understand the possible impact of the household, personal and environmental attributes on such physical activity. To our knowledge, this is the first such study on the subject in the Chinese context. Firstly, the study generated four categories of attributes as independent variables: household, personal, social environmental, and built environmental attributes. Then, negative binomial regression models were used to examine specifically how the frequency and duration of rural elderly's cycling trips are related to the social and built environment attributes, together with personal and household attributes.
The research findings suggest that positive attitude towards cycling and the availability of household bicycles are strongly related to the more cycling trips of the rural elderly in Zhongshan. The findings on the correlation of attitude imply the potential effects of the dissemination of health life style involving cycling activity among the rural elderly. With respect to the social and built environment, all else being equal, living in a neighborhood with low proportion of elderly population, abundant bike lanes, and a compact urban form related to high density and mixed development, are associated with the increase of rural elderly's cycling activities.
The findings provide insights for transportation and public health agencies, practitioners, and researchers into the effective design of potential interventions from the prospective of attitudes, social and built environment on health promotion of the rural elderly in China. Among the possible interventions, we suggested to (1) disseminate healthy life style involving cycling activity; (2) develop neighborhoods with relatively balanced age structure; (3) discourage car ownership; and (4) maintain a compact land-use development.
